In the present organization of war surgery wounds are treated by a two-stage operation. At the first operation, at a casualty clearing station, contaminated and grossly damaged tissues are removed, and the wound is laid open so that there is free drainage, with an absence of tension, while the patient is being evacuated to the base. Several days later the wound is examined in hospital and is sutured if possible.
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The main object of the first operation is the control of infection, and the subsequent progress of the case is determined by the success with which this object is achieved. No one with experience of war wounds will deny that adequate surgery at the first operation is of paramount importance. After surgery is completed, however, some degree of infection is likely to remain, and it is in connexion with this residual infection that a bacteriostatic may be of value. Although sulphonamides have been in use for many years, evidence of their true worth in the control of infection in wounds has never been obtained. With the advent of penicillin it was of increased importance to decide, by a large-scale clinical trial, the precise value of these two bacteriostatics in the treatment of recent wounds.
Evidence of the comparative effects of penicillin-sulphanilamide and sulphanilamide alone as bacteriostatics was given by Thomson (1944) , from observations made during the invasion of Sicily. In 85 wounds operated upon at casualty clearing stations and treated with sulphanilamide powder 57% were infected on arrival at the base several days later; whereas in 61 wounds that had received penicillin-sulphanilamide powder 26% were infected. This survey was a limited one. It was necessary to carry out a more extensive inquiry in which c'omparison was also made with wounds not treated with a bacteriostatic. The battle for the Gothic Line provided the opportunity. This battle was fought in wet weather on cultivated ground. Casualties were heavy and casualty clearing stations were working under pressure. The treated wounds were therefore' a fair sample of what could be expected from experienced forward surgeons under battle conditions. The difficulty of comparing one type of case with another was simplified, since all external conditions such as terrain, weather, forward surgeons, lines of communication, and base surgeons were the same throughout the period of this inquiry.
The purpose ot this investigation was to determine the value of sulphanilamide and penicillin when applied locally in the treatment of recent wounds. In the course of the inquiry information was also obtained of other factors in wound treatment in particular, the importance of the interval between wounding and the first operation, and of the re-dressing of wounds between C.C.S. and base hospital. Methods The casualties from the battle were sent trom C.C.S.s to a port, and were conveyed by ship to the hospital area, arriving about the fifth to seventh day after injury Within the next day or so they were taken to the operating theatre and the wounds were examined and sutured if possible. The following data were considered relevant:
1. Interval before Operation at C.C.S.-This could usually be obtained from the field medical card or by inquiry from the patient. Only cases in which it was possible to determine the interval with accuracy were included in the assessment of this time interval.
2. Chemotherapy at C.C.S.-It was arranged withl forward surgeons at the start of the battle that penicillin-sulphathiazole powder would be applied to wounds alternately with sulphanilamide, and that in a number of cases no bacteriostatic would be employed. There were therefore, initially, three groups of cases, depending on the wound chemotherapy. In addition there was eventually a fourth group comprising those cases in which no entry was made on the field medical card and which were most probably treated with sulphanilamide. It was found convenient for the purposes of tabulation to include with this fourth, or " miscellaneous," group a number of weunds that had been dressed with an antiseptic--.e.g., acriflavine or sulphathiazole-proflavine powder. It should be stated at the outset that the casualties in which no bacteriostatic was employed were carefully watched along the lines of communication and at the base hospital. In no case was the wounded part endangered by this omission, and there was no instance of spreading sepsis. Operation and penicillin-sulphathiazole powder: 25% of a total of 255 wounds were infected.
Thus operation alone did not appreciably reduce the incidence of infection compared with the infection rate before operation, and the introduction of sulphanilamide into the wound produced little further improvement. The use of penicillin-sulphathiazole powder, however, caused a significant reduction in infection rate to one-half of the pre-operation figure.* It was necessary to inquire whether this difference was due to selection of special cases for penicillin treatment ; in particular, whether the apparent advantage of penicillin might be due to its having been used for selected wounds and for those coming under treatment early. The significance of the time at which a wound was first operated upon is discussed below. At present it can be stated that penicillin-sulphathiazole showed an advantage over sulphanilamide irrespective of the time the wound came under treatment. It was possible also to demonstrate that the severity of the wound did not influence the relative rates of infection. If the wounds were classified according to their severity it was seen that, while more of the large and serious wounds received penicillin-sulphathiazole powder, the reduced incidence of infection following penicillin treatment occurred equally in superficial trivial wounds and in extensive ones. There was no tendency for the result to be influenced by the severity of the wound Wound Sepsis It is emphasized that the above figures refer to rates ot infection as determined by a bacteriological examination of the wound. There was no correlation between the clinical appearance of the wound and the presence of pyogenic cocci, many clean wounds containing Staph. pyogenes auireus and many dirty wounds yielding no pyogenic bacteria on culture.
Of the undisturbed wounds 20°'O were dirty, being covered with exudate, and about one-half of these contained pyogenic cocci (septic). The septic wounds were of special importance in this investigation into the control of infection because they were the wounds in which the infecting bacteria had " taken hold." Of the wounds treated by operation alone and without a bacteriostatic, 230% were septic; in those in which sulphanisamide was locally employed this incidence was reduced by one-half (11 %); and in those treated with pernilf ifh-sulphathiazole 7% of the wounds were septic (Table-. The precise value of operation and local chemotherapy in this series of wounds can thus be stated in the following terms. Operation alone, without the use of a bacteriostatic, did not appreciably reduce the incidence of infection compared with the original infection rate that followed wounding. This is what would be expected, for unless a mutilating excision was performed not all potentially infected tissues would be removed. The aim of the forward surgeon is to remove only those tissues that are grossly damaged, and by adequate incisions to leave the wound in the best possible condition for dealing with the infection that remains. The value of this treatment is seen in the wounds that were treated by operation only; although onequarter of them were septic, the sepsis was confined to the surface layers of the wound, and there was no instance of the septic process spreading along the limb or tracking deeply.
Sulphanilamide applied locally had a bacteriostatic effect. for, although the infecting bacteria persisted, their activity was depressed, so that the incidence of sepsis was reduced compared with wounds in which no bacteriostatic was employed. Penicillin-sulphathiazole powder had a greater effect, for its use was followed by the destruction of the pyogenic organisms in one-half of the infected wounds and by an equally low incidence of sepsis.
It is obviously of value to use sulphanilamide or penicillinsulphathiazole powder at the operation at the C.C.S., and of the two bacteriostatics penicillin-sulphathiazole is shown to be the more potent. been re-dressed because they were septic, it would be expected that they would include a large proportion still septic on examination at the base hospital. This was not found to be so, as only 1500. were septic, which is an incidence of sepsis no greater than that shown by the general series of undisturbed wounds (Table 1) 
Effect of Sulphanilamide by Mouth
Entries in the field medical card showed that nearly all the wounded men received 2.5 g. of a sulphonamide at the advanced dressing station. Thereafter, administration of the drug and entries in the records were irregular. Although many patients were questioned about taking the tablets, the available information remained incomplete. Few of the men had a full course of the drug, but records were obtained of 127 men who had received 7.5 g. or more and whose wounds were undisturbed. The incidence of infection and that of septic wounds in these patients were the same as in the general series.
Relation Between Infection and Results of Suture So far in this report the incidence of infection has been used to measure the value of the different factors that were under investigation (bacteriostatic, time of operation, etc.). This infection is of more than laboratory interest. The justification of our use of infection as the criterion by which to assess forward surgery and chemotherapy, and the practical importance of pyogenic bacteria in a wound, are seen when the presence of infection is related to the results of suture.
Seven hundred and fifteen of the wounds were sutured. Wound repair was the work of a group of surgeons (specialists, graded surgeons, and trainees), so that the results were representative of what can be achieved in the large-scale suture of wounds when penicillin is used as a routine. Seventy-five per cent. of wounds achieved the first grade of union (i.e., above 85% union); of the remaining 25% one-half obtained an intermediate grade of healing (70 to 85% union) and one-half were relative failures.
When the results were arranged according to the presence or absence of infection in the wounds at the time of operation it was found that the presence of pyogenic organisms had an adverse influence. This was seen most clearly when the clean and dirty wounds were considered separately.
Of 614 clean wounds 424 were free from pyogenic organisms, and 85% of these obtained Grade I union; 190 wounds were infected, and only 62% of these attained the first grade. Of 101 dirty wounds 52 were free from pyogenic bacteria, and 800°o of these obtained Grade I healing-that is, almost the same degree of success was obtained as in the suture of uninfected clean wounds. The 49 infected dirty wounds did not do well, only 37% reaching the first grade. The full results are given in the Appendix (Tables A and B) . 
BRITCSAR
Thus the results of suture were related less to the appearance of the wound than to the presence of pyogenic bacteria. This does not mean that a bacteriological examination of the wound should be carried out before suture is performed. On the contrary, the surgeon is encouraged to suture wounds (in the presence of penicillin) whether they appear clean or dirty. The significance of these findings is to confirm the importance of pyogenic bacteria Jn the wound at the time of arrival at the base hospital, and thereby to emphasize the value of the control of infection by early operation at the C.C.S., by the use of penicillin-sulphathiazole powder as a bacteriostatic at the forward operation, and by avoidance of dressing of the wound between forward and rear surgeons.
Influence of Resistant Strains of Staph. pyogenes aureus on Suture All strains of Staph. pyogenes aureus were examined for the property of resistance to penicillin. Of the strains 20% were resistant to the concentration of penicillin that is produced by parenteral therapy (1 /10 unit per c.cm.), but only one-half of these strains grew in 10 units of penicillin per c.cm., and few grew in broth containing 50 units per c.cm. Thus while 20% of strains of Staph. pyogenes aureus could fully res?st the concentration of penicillin that obtains in parenteral therapy, many of these strains could be influenced by the increased concentrations that local therapy might provide.
It will be recalled that of the 614 clean wounds 190 were infected. Among these 190 strains of Staph. pyogenes aureus 33 were " resistant." Suture of the 33 wounds, accompanied by the local use of penicillin, was followed by the same standard of union as was the suture of clean wounds infected with " sensitive " strains.
The high concentration Qf penicillin that is obtained by local penicillin therapy has been shown to be of advantage in some situations e.g., in the pleural cavity (d'Abreu et al., 1944) and in compound fractures (Bentley et al., 1944) . These present results of suture indicate that it is also of value in dealing with strains of staphylococci possessing some degree of resistance to the drug. Summary In an investigation of 1,000 wounds during the battle for the Gothic Line the organism of initial sepsis was found to be Staph. pyogenies aureus. Str. pyogenes (haemolytic streptococcus) was rarely found.
The incidence of infection in wounds before operation at the C.C.S. was about 51%.
In wounds undisturbed during transit, and treated at the C.C.S. by operation alone, 49% were infected and 23 % were septic; by operation and sulphanilamide powder, 43%, and 11%; by operation and penicillin-sulphathiazole powder, 25% and 7%. when examined in the base hospital 5 to 10 days later. Thus operation alone did not completely remove infection from a recent wound. Its effect was to leave the wound in the best possible condition for dealing with the infection that remained. Sulphanilamide applied locally had a bacteriostatic effect; for although the infecting bacteria persisted, their activity was depressed, so that the incidence of sepsis was reduced. Penicillin-sulphathiazole powder similarly applied was more effective; for its use was followed by the destruction of the infecting cocci in about one-half of the infected wounds, with an equally low incidence of sepsis.
Wounds operated upon at the C.C.S. in under 12 hours had a lower incidence of infection than those operated upon between 12 and 24 hours, in all the chemotherapy groups. The length of time between wounding and arrival at the base hospital was found to make no significant (lifference in the infection rate. Wounds that had been re-dressed between C.C.S. and base hospital had a higher incidence of infection than had those that had not been disturbed.
The importance of control of infection by operation and chemotherapy at the C.C.S. is illustrated by the results of suture. The presence of pyogenic organisms in the wound at the time suture was performed had an adverse influence on the result obtained. Of wounds uninfected with these organisms 80 to 85% obtained Grade I union, whether appearing clean or dirty; whereas wounds that were infected, even if appearing clean, showed a lower rate of success.
The presence in wounds of staphylococci possessing some measure of resistance to penicillin did not influence the results of suture when penicillin was employed locally in the wound. No case has been included in which fractured ribs might account for damage to the lung or pleura or in which there was a history of burial by debris together with bruising of the chest wall. A certain amount of selection was inevitable, as only patients fit to travel reached this hospital, the interval between injury and arrival being on the whole proportionate to the severity of the condition. Only one of the cases was seen here earlier than three days after wounding; the majority arrived three to five days and several as long as 10 to 14 days after. It was thus possible to observe cases at different intervals after injury and watch their progress for a few days before sending them on to base hospitals.
APPENDIX
The explosive sources were hand-grenades, mortar bombs, lanid mines, aerial bombs, and in two cases flying bombs.
